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NOISE ELIMINATION DEVICE AND 
METHOD FOR INSTALLING THE SAME 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a noise ehmination device 
interposed in a coaxial cable in order to reduce noise entering a signal 
transmission Hne using the coaxial cable, as well as to a method for 
- installing such a noise ehmination device. 

10 

2 . Descrip tion of the Relate d Art 

In bi-directional CATV systems, in which television signals are sent 
from a central office to subscriber homes and signals are also transmitted 
from the subscriber homes to the central office, an upward signal frequency 

15 of lOMHz to 55MHz is often used for signals transmitted from the subscriber 
homes to the central office. However, the frequency of electromagnetic 
waves of noise generated by electronic household appliances Ues in this 
frequency band as well, so that due to the electromagnetic waves generated 
by these electric household appUances, noise is incurred into the upward 

20 signal, and the problem of streamed noise affecting the central office side 
arises. 

Therefore, ways to extinguish this noise have been studied, and noise 
generated ia the center conductor of the coaxial cable was countered by 
providing a highpass filter, whereas noise generated in the outer conductor 

25 serving as the ground conductor was countered by providing a noise 
eHmination unit as disclosed for example in JP HOT— 297035A. This noise 
ehmination unit includes a coil made by winding a coaxial cable around a 
ring— shaped closed magnetic ferrite core, wherein the core conductor of that 
coaxial cable is connected in series with the core conductor of the coaxial 

30 cable to be installed, whereas its outer conductor is connected to the outer 
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conductor of the coaxial cable to be installed, and the noise elimination unit 

is inserted between a relay amplijBer and the cable. 

However, to eliminate noise from both the center conductor and the 

outer conductor, a unit with a highpass filter and a noise ehmination unit in 
5 which a coaxial cable is wound around a ferrite are both necessary, and their 

assembly is troublesome, and even providing both does not necessarily lead 

to a good noise ehmination effect. 

Furthermore, in CATV backbones, a large current for equipment 

operation is often transmitted over the coaxial cable^ overlapping with the 
10 signal, and in that case, if the noise elimination unit disclosed in the 
I above-mentioned publication is used in such a CATV backbone, then the 

coaxial cable wound around the ferrite core has to be a cable with large 
\ diameter, which can carry that current, which makes it difficult to wind 

around a ferrite ring, and even if it can be wound, the coil will be large, 
15 because the curvature of the coil cannot be made small, so that the unit itself 

becomes large and thus unsuitable for practice. Therefore, it cannot be 

installed easily in existing CATV facilities. 

Moreover, to improve the noise elimination effect, the coil should 

have a large inductance with respect to the noise, and in the 
20 afore-mentioned upward signal frequency band, which is relatively low, it is 

necessary to wind the coaxial cable in many turns around the ferrite ring, so 

that also in this respect, the unit becomes large. 

In view of these problems, it is an object of the first aspect of the 

present invention to provide a noise ehmination device, which can be easily 
25 installed in a coaxial cable, and which can effectively ehminate noise from 

both the center conductor and the outer conductor, as well as a method for 

installing such a noise elimination device. It is an object of the fifth aspect 

of the present invention to provide a small noise ehmination device that can 

be set up easily, even with a coaxial cable carrying a large current in 
30 superposition. 
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SUMMARY OF THE INVENTION 

In order to achieve these objects, a noise elimination device in 
accordance with a first aspect of the present invention includes: 

a housing provided with coaxial connectors on both endsJ and 

a noise eUmination circuit arranged inside the housing; 

wherein a ground conductor thickness of a coupling portion coupHng 
the noise elimination circuit with the coaxial connectors is at least twice a 
skin depth due to the skin effect at a transmission signal frequency. 

According to a second aspect of the present invention, in a noise 
elimination device in accordance with the first aspect of the present 
invention, the noise elimination circuit includes a coil made by winding a 
coaxial cable around at least one of an open magnetic core and a closed 
magnetic core. 

According to a third aspect of the present invention, in a noise 
elimination device in accordance with the second aspect of the present 
invention, the noise elimination device further includes a highpass filter 
arranged in series with the coil. 

According to a fourth aspect of the present invention, a method for 
installing a noise elimination device in accordance with the third aspect of 
the present invention includes placing the coil closer to a noise generating 
side than the highpass filter when installing the noise eUmination device in a 
signal transmission line including a coaxial cable. 

According to a fifth aspect of the present invention, in a noise 
ehmination device in accordance with the first aspect of the present 
invention, the noise elimination circuit is made by coupling the core 
conductors of the two coaxial connectors via a first coil wound around a 
ferrite core, coupling the outer conductors of the two coaxial connectors via a 
second coil wound around the ferrite core, inserting a capacitor on at least 
one of the two sides of both the first and second coil, providing a first choke 



coil in parallel with the first coil and the capacitor provided on the side of the 
first con, and providing a second choke coil in parallel with the second coil 
and the capacitor provided on the side of the second coil. 

According to a sixth aspect of the present invention, in a noise 
elimination device in accordance with any of the first, third and fifth aspect 
of the present invention, one of the coaxial connectors is a plug connector and 
the other coaxial connector is a jack connector. 

According to a seventh and an eighth aspect of the present invention, 
in a noise elimination device in accordance with any of the first, third, fifth 
and sixth aspect of the present invention, the housing is substantially 
tube-shaped and the two ends of the housing are insulated from one another. 

According to a ninth and tenth aspect of the present invention, in a 
noise ehmination device in accordance with any of the first, third, fifth and 
sixth aspect of the present invention, the two coaxial connectors are formed 
each in independent housings, the two housings are connected with a coaxial 
cable, and the coil is provided in one of the two housings. 

According to an eleventh to sixteenth aspect of the present invention, 
in a noise efimination device in accordance with any of the first, third, fifth, 
ninth and tenth aspect of the present invention, the first and the second coil 
are made by serially winding around two ferrite cores, wherein one ferrite 
core is a closed magnetic ferrite core and the other ferrite core is an open 
magnetic ferrite core. 

According to a seventeenth to twenty-eighth aspect of the present 
invention, in a noise elimination device in accordance with any of the first, 
third, fifth and eleventh through sixteenth aspect of the present invention, a 
conductor of the first coil is made of a center conductor and a conductor of the 
second coil is made of an outer conductor covering the center conductor, so 
that the coil conductors are arranged as a coaxial cable. 

According to a twenty-ninth to fortieth aspect of the present 
invention, in a noise ehmination device in accordance with any of the first. 



third, fifth and eleventh through sixteenth aspect of the present invention, 
the ferrite core orthogonally intersects with a substrate, and the coil is 
formed by pattern formation of a coil conductor on the substrate in a shape 
that is wound around the ferrite core. 

According to a forty— first to sixty— fourth aspect of the present 
invention, a noise elimination device in accordance with any of the first, 
third, fifth and twenty-ninth through fortieth aspect of the present 
invention further includes a transformer connected in series to the coil. 

According to a sixty— fifth to eighty-second aspect of the present 

invention, in a noise elimination device in accordance with any of the first, 
third, fifth, eleventh through sixteenth, and twenty-ninth through fortieth 
aspect of the present invention, the closed magnetic core is made of a 
plurality of cut cores. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a first embodiment of a noise elimination device in 
accordance with the present invention and is a lateral view showing the 
upper half of the device in a cross section. 

Figs. 2(a) and 2(b) are diagrams of noise elimination circuits built 
into the noise elimination device shown in Fig. 1. 

Fig. 3 is a block diagram showing another example of a noise 
elimination circuit built into the noise elimination device shown in Fig. 1. 

Fig. 4 is an exterior view of a noise elimination device showing 
another example of the present invention. 

Fig. 5 shows a second embodiment of a noise elimination device in 
accordance with the present invention. Fig. 5(a) is an exterior view, and Fig. 
5(b) is a cross— sectional view. 

Fig. 6 is a cross— sectional view showing a third embodiment of a 
noise elimination device in accordance with the present invention. 

Fig. 7 is a simplified cross-sectional view showing a fourth 



embodiment of a noise elimination device in accordance with the present 
invention. 

Fig. 8, which shows another example of a noise ehmination circuit, is 
a plan view of a circuit board with a coil conductor made by pattern 
5 formation on the circuit board. 

Fig. 9, which shows another example of a noise ehmination circuit, is 
a plan view of a circuit board with a coil conductor made by pattern 
formation on the circuit board. 

Fig. 10 is a graph showing the loss characteristics of the coil in Fig. 

10 2(b). 

Fig. 11 is an exterior view showing another embodiment of a coil, 
which is provided with an auxiMary winding. 

Fig. 12, which shows another embodiment of the present invention, is 
an exterior view of a noise ehmination device, in which the connection 
15 terminals are arranged at right angles. 

Fig. 13 is a cross-sectional view of a noise ehmination device in a 
fifth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 The following is a description of concrete embodiments of the present 

invention, with reference to the accompanjdng drawings. Fig. 1 shows a 
first embodiment of a noise elimination device in accordance with the 
present invention. Fig. 1 is a lateral view showing the upper half of the 
device above the center axis in a cross section. In Fig. 1, numeral 1 denotes 
25 a tube-shaped housing accommodating a noise ehmination circuit 4, 
numeral 2 denotes a coaxial connector having a female thread (referred to as 
"jack connector" in the following), and numeral 3 denotes a coaxial connector 
having a male thread (referred to as "plug connector" in the following), 
arranged respectively at the apertures at both ends of the housing 1. 
30 On the inner side of the housing 1, a retention tube 5, which is made 
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of an insvdating material like the housing 1 and retains the noise ehmination 
circuit 4, is provided, and cyHndrical shield memhers 7 a and 7b coupled to 
outer conductors of the connectors 2 and 3 are mounted at both ends of the 
retention tube 5. The shield members 7a and 7b are constricted in 
5 funnel-shape in inward direction with respect to the retention tube and 
connected to a coaxial cables^^f narrow diameter extending from the noise 
ehmination circuit 4. The shield members 7 a and 7b are made of a metal 
with high conductivity. 

The one shield member 7a that is connected to the jack connector 2 is 

10 provided with a retention member 10a made of an insulating material, which 
retains a central contact 9 of the connector 2 inside, and as the central 
contact 9 of the connector 2 is being held, it is connected to a center 
conductor 12 of the coaxial cable 8. 

The other shield member 7b is formed in one piece with the plug 

15 connector 3 and the outer conductor, that is, the threaded portion 3a, and is 
provided inside with a retention member 10b made of an insidating material, 
which retains a central contact (center conductor holding pin) 16 of the 
connector 3 is provided inside the shield member 7b, and as the central 
contact 16 of the connector 3 is being provided, it is connected to the center 

20 conductor 12 of the coaxial cable 8. 

The thickness of the ground conductors, such as the threaded portion 
of the plug connector 3, the coupling portion coupHng the female thread 13, 
which is an outer conductor of the jack connector 2, with the housing 1, the 
shield members 7a and 7b, and the outer conductor 14 of the coaxial cable 8, 

25 is in all cases at least 0. 1mm. 

It should be noted that at the portion where the shield members 7a 
and 7b are connected to the outer conductor 14 of the coaxial cable 8, the 
shield members 7a and 7b are inserted into the outer conductor 14 of the 
coaxial cable 8, and a tight connection is achieved by clamping with a ferrule 

30 15, as shown in the magnification of Al and A2. 
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Here, the ground conductors are at least four times thicker than the 
skin depth at the frequency of the transmitted signal. The skin depth h of, 
for example, copper due to the skin effect is given by the equation 

5 h = 0.066 / Vf (wherein f is the frequency in MHz) 

According to this formula, when the transmission signal frequency is 
lOMHz, then h = 0.02087mm. Therefore, by making all ground conductor 

portions at least 0. 1mm, their thickness is at least four times the skin depth. 

10 In this manner, by setting the thickness of the ground conductors to 

at least four times the skin depth, noise near the transmission signal 
^ frequency that is induced into the ground conductors flows only at the skin of 
S the ground conductors, and does not flow inside anymore. Therefore, since 
□ the ground conductor side components of the transmission signal flow at the 
r'l5 inner side of the ground conductors, noise is prevented from overlapping 
y with the transmission signal itself. Consequently, providing the noise 
p=* ehmination device does not cause new noise. 

n However, as has been determined experimentally, although the effect 

of making the ground conductors at least four times thicker than the skin 

20 depth achieves a larger effect when the length of the signal transmission line 
is prolonged by interposing a coaxial cable for example, in a noise 
elimination device with relatively short signal transmission line as shown in 
Fig. 1, external noise does not overlap with the transmission signal itself 
even when the thickness is only about twice the skin thickness, attaining a 

25 sufficient effect. 

Fig. 2 shows examples of the noise ehmination circuit 4. As shown 
in Fig. 2, this noise ehmination circuit 4 is made of a coil made by winding a 
thin coaxial cable 8. The noise elimination circuit 4 can be made by winding 
the coaxial cable 8 around a rod— shaped open magnetic ferrite core 18a, as 

30 shown in Fig. 2(a), or by Avinding the coaxial cable 8 around a closed 
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magnetic ferrite core 18b and connecting this coil in series with the coil of 
2(a), as shown in Fig. 2(b). 

The noise elimination characteristics (loss characteristics) of the coils 
in Fig. 2 are shown in Fig. 10. In Fig. 10, P denotes the characteristics of 
5 the coil made of only a closed magnetic path, Q denotes the characteristics of 
the coil made of only an open magnetic path, and R denotes the 
characteristics of the two coils connected in series. For the closed magnetic 
ferrite core in Fig. 10, a 35T0375-30P by STEWARD was used, around which 
a IC coaxial cable was wound in eight turns, whereas for the open magnetic 

10 ferrite core, an NB25S(|)6 X 20mm by Hitachi Metals, Ltd. was used, with a 
winding number of 20 turns. 

As shown in Fig. 10, using for the coil a coil made of a closed 
magnetic ferrite core or an open magnetic ferrite core, or using the two coils 
connected in series prevents the noise flowing in the outer conductor (ground 

15 conductor) from entering the center conductor. In particular at the 
frequency band of lOMHz to 55MHz, at which streamed noise in CATV 
becomes a problem, noise can be eUminated effectively with a closed 
magnetic coil and an open magnetic coil connected in series. It should be 
noted that the noise ehmination circuit can also be made with a closed 

20 magnetic core around which a coaxial coil is wound. 

Fig. 3 is an exterior sketch of another example of a noise ehmination 
circuit, made by connecting a highpass filter 19 (referred to as "HPF" in the 
following) in series to a coil as describe above. In this case, the housing 20 
accommodating the circuit has a coil portion 20a and a HPF portion 20b, 

25 which are formed independently. The coil portion 20a of the housing is 
made of an insulator, and accommodates a noise ehmination circuit 2 1 made 
of a coil as shown in Fig. 2. The HPF portion 20b of the housing is made of a 
conductor and is provided with a shield space inside. The HPF 19 is built 
into the HPF portion 20b. 

30 The HPF 19 is for example a circuit combining a capacitor and a coil, 
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and cuts frequencies below lOMHz. The HPF 19 effectively extinguishes 
noise that has entered the center conductor. 

Thus, additionally providing a HPF, it is possible to extinguish noise 
that has entered the center conductor, and in combination with a coil, it is 
5 possible to largely extinguish the noise induced to both the outer conductor 
and the center conductor. 

The noise elimination device in Fig. 3, which is provided with both a 
coil and a HPF, should be installed such that the coil is arranged on the side 
of the noise source, for example on the side of the subscriber's home when it 

10 is arranged in the signal transmission path of a CATV system, or on the side 
of the terminal device when it is arranged in the subscriber's home. 

If the HPF 19 is arranged on the side of the noise source, then a 
portion of the noise that enters the outer conductor enters the center 
conductor by mode conversion in the HPF 19, and even if the noise in the 

15 outer conductor is eliminated afterwards with the noise eUmination circuit 
2 1 made of a coil, the noise of the center conductor will sometimes remain 
without being eliminated. However by first eliminating the noise in the 
outer conductor with the noise ehmination circuit 21, noise will not enter the 
center conductor from the outer conductor in the HPF 19, so that there is a 

20 larger effect of noise reduction. 

Thus, arranging the HPF and the coil in a specified order, the noise 
carried by the center conductor and the outer conductor can be ehminated 
efficiently, and by instalhng only one device of the present invention, noise 
can be ehminated from both the center conductor and the outer conductor, so 

25 that it is not necessary anymore to install a plurafity of devices, and the 
installation becomes easier. 

It should be noted that there is no particular problem in reversing 
the arrangement of the plug connector and the jack connector in this 
embodiment. Furthermore, in this embodiment, the coaxial connectors are 

30 F-type connectors, but they can also be FT- or M-type connectors. 
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Furthermore, the portion connecting the coil portion and the HPF portion of 
the housing can also be a linking structure using the afore-mentioned 
coaxial connectors, and in this case, the attachment/detachment operation 
becomes easier while maintaining a sturdy connection, the combination of 
5 HPF and coil can be changed easily, and it is easy to form a device with the 
desired characteristics. 

Fig. 4 shows another example of a noise elimination device. This 
device is different from the above-described embodiments in that the 
connector on one side is an F--type plug 23, the connector on the other side is 
10 an F-type jack 24 corresponding to the F-type plug, and both connectors are 
separated from a main unit 25 by coaxial cables 26a and 26b extending from 
the main unit 25. 

If coaxial cables are interposed between the housing and the 
connectors in this manner so that the connector portions can be arranged 

15 with greater flexibility, then, when directly connecting the device to, for 
example, an indoor CATV terminal, the device can be installed easily 
without protruding outward very far, and without posing a hindrance. 

In the above embodiments, one of the coaxial connectors is a 
plug-type connector, whereas the other one is a jack-type connector, but it is 

20 also possible to make them both plug-type connectors or make them both 
jack-type connectors. Furthermore, in a system, in which the installed 
signal transmission hne also transmits power, it is also possible to provide a 
current-carrying circuit arranged in parallel to the HPF and the coil. 

Fig. 5 shows a second embodiment of a noise elimination device in 

25 accordance with the present invention. Fig. 5(a) is an exterior view, and Fig. 
5(b) is a cross-sectional view. In Fi g. 5, numeral 32 denotes a coaxia]^ 
connector made of an^FT-tyge_ElugJreferrMJi)_as^ the 
following), and numeral 33 denotes a coaxial connector made of an FT-type 
jack (referred to as "jack connector" in the following). Both connectors are 

30 coupled and fixed by screwing them into the two terminal apertures of a 
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tube-shaped housing 31 that is made of plastic and provided with a circuit 
formation portion 37 inside, and both connectors 32 and 33 are insulated 
from one another. Moreover, the coupUng portions are provided with rubber 
0-rings 35, which shield the inside of the tube from rainwater. 
5 The coaxial connectors 32 and 33 respectively include threaded 

coupling portions 32a and 33a, which serve also as the outer conductor 
connection portion, and core conductor connection pins 32b and 33b provided 
at the center of the threaded coupling portions 32a and 33a. The base ends 
of the core conductor connection pins 32b and 33b project inward from the 

10 ends of the coaxial connectors 32 and 33 that are inside the housing, and 
they are connected via chip capacitors 42a to the core of a coaxial cable 39 of 
a noise ehmination circuit 36. 

Moreover, the threaded coupling portions 32a and 33a, which are 
electrically coupled to the outer conductor of the connected coaxial cable, 

15 have male threaded portions 43a and 43b arranged to protrude into the 
housing 31. After fitting ring-type lead-through capacitors 42b on them, 
the base portions of tube-shaped shield fittings 44a and 44b are fitted, and 
fastened with nuts 45 made of an insulating material. The threaded 
coupling portions 32a and 33a are electrically coupled with the shield fittings 

20 44a and 44b via the capacitors 42b. 

The shield fittings 44a and 44b are further connected at their front 
ends to funnel-shaped metal shield plugs 46a and 46b and connected 
without a gap to the outer conductor of the coaxial cable 39 that forms the 
noise ehmination circuit 36. 

25 The noise ehmination circuit 36 includes a coil 40 made of a coaxial 

cable 39 of narrow diameter that is wound around a substantially 
rectangular closed magnetic ferrite core 38, and the coil 40 is made of a first 
coil 40a constituted by the core conductor of the coaxial cable 39 and a second 
coil 40b constituted by the outer conductor of the coaxial cable 39. 

30 The core conductors and the outer conductors of the two coaxial 
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conductors 32 and 33 are respectively coupled by a first choke coil 41 and a 
second choke coil 41b, preventing the passage of the transmission signal but 
letting through low firequency or dc operating currents. The first choke coil 
41a is connected in parallel to the first coU 40a and the two chip capacitors 
5 42a, whereas the second choke coil 41b is connected in parallel to the second 
coil 40b and the two ring-type lead-through capacitors 42b. It should be 
noted that the connection of the first choke coil 41a is performed by providing 
the shield fittings 44a and 44b with lead-through terminals 50, and leading 
lead lines connected to the core conductor connection pins 32b and 33b 

10 through those lead-through terminals 50. 

Thus, the core conductors as well as the outer conductors of the 
connectors are coupled by the coils (via the capacitors) and the choke coils. 
The capacitors 42a and 42b are cut capacitors preventing the passage of an 
operating current overlapping with the transmission signal, whereas the 

15 choke coils 41a and 41b cut the transmission signal frequencies and let an 
operating current through, so that they are made by winding a thick 
conductor around a ferrite. 

As in the above-described embodiment, the thickness of the ground 
conductors, such as the portions coupling the plug connector 32 and the jack 

20 connector 33 with the housing 31, the shield fittings 44a and 44b, the shield 
plugs 46a and 46b, and the outer conductor of the coaxial cable 39, is in all 
cases at least 0.1mm. 

With such a noise ehmination device, current can be blocked without 
the occurrence of new noise, even when the connected cable also carries the 

25 operating current of the equipment in superimposition. Moreover, a small 
ferrite core can be used, so that the noise elimination device can be made 
compact. Therefore, the noise ehmination device can installed at a signal 
cable connection, connecting for example a coaxial cable with the equipment, 
and can be fitted easily to existing equipment. 

30 Moreover, the first coil and the second coil are made of the core 
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conductor and the outer conductor of a coaxial cable, so that noise induced to 
the outer conductor can be extinguished efficiently, and the attenuation of 
the transmission signal at the coil portion can be kept small. Furthermore, 
both connectors are arranged on one straight Hne, so that the noise 
5 ehmination device can be made resistant to stress, and can also be used at 
locations susceptible to external forces, such as tensile forces. 

The closed magnetic path core does not necessarily have to be formed 
in one piece, and can also be formed by combining a plurality of cut cores into 
a circular or rectangular closed magnetic path, which makes it possible to 

10 reduce costs. 

Fig. 6 shows a third embodiment of the present invention, which 
differs from the embodiment of Fig. 5 with respect to the configuration of the 
noise elimination circuit. The difference is that no choke coil and no 
capacitor are provided, and the coU 40 (40a and 40b) is not formed by 

15 winding around a ferrite core, but by simply passing the coaxial cable 39 
through a closed magnetic ferrite core 51. 

This simple circuit configuration can be used when no current or a 
low current is superimposed on the connected coaxial cable. 

Fig. 7 shows a fourth embodiment of the present invention. In Fig. 

20 7, the hatched portion 53 indicates the portion where the noise elimination 
circuit is formed. The noise elimination circuit is coupled to a plug terminal 
inside a housing 55 having a plug connector 54 and is also connected via a 
coaxial cable 57 to a jack connector 56. 

Thus, the distance between the two connection terminals can be 

25 made longer by interposing a coaxial cable, and for example if the noise 
elimination device is used indoors, it is possible to connect, for example, a 
series unit and the equipment without connecting a separate coaxial cable. 
Especially, if the coaxial cable is provided at a right angle with respect to the 
connection direction, as shown in Fig. 7, then, when connecting to a series 

30 unit for example, the protrusion amount of the plug housing can be made 



14 



small, and it is possible to connect a wall terminal with a stand— alone 
apparatus on little space. 

Moreover, by making the plug connector an F-type plug, and making 
the jack connector and F-type receptor, it is possible to directly connect an 
5 indoors series unit and to use the noise elimination device indoors. In that 
case, the F-type plug can also be a thread-less push-on plug, but it can also 
be a hexagonal or a knurled plug. Moreover, by making the jack connector 
an F-type plug connector, it is possible to connect it directly to a terminal 
device, such as a television receiver, without using a separate connection 

10 cable or adapter, such as an F-plug to F-plug for example. 

Fig. 12 shows a modification of Fig. 7. As shown in Fig. 12, it is also 
possible to arrange a plug connector 54 and a jack connector 56 at right 
angles with respect to one another in a housing 59 accommodating a noise 
ehmination circuit, without interposing a coaxial cable. With this 

15 arrangement, as in Fig. 7, when connecting a series unit for example, the 
protrusion amount can be made small, and installation is easy, even when 
there is little connection space. 

Fig. 8, which shows another example of a noise elimination circuit, is 
a diagram of a noise ehmination circuit assembled on a circuit board. The 

20 choke coils 41a and 41b and the capacitor 42 are assembled on a printed 
circuit board 47, and the coil conductors of the coils 40a and 40b are made by 
pattern formation. At the portions where the coils are formed, holes 62 for 
inserting a ferrite core are formed at two locations, and the closed magnetic 
ferrite core 51 is mounted perpendicular on the substrate. The closed 

25 magnetic ferrite core 51 is made by joining two semicircular ferrite cores 
through the holes 62 in the substrate 47. Thus, the first coil 40a and the 
second coil 40b are formed independently, and the coil conductors are made 
by symmetric pattern formation. Also, one capacitor 42 each is provided for 
the first coil 40a and the second coil 40b. 

30 Thus, it is also possible to arrange the capacitors on the substrate 
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and to form the first and the second coils separately, and in this case, pattern 
formation on the substrate is possible, and the coil formation is simplified. 

Fig. 9 shows an example of another noise elimination circuit. The 
coil 40 is made by pattern formation on the printed circuit board 47, and a 
5 transformer 63 is provided in series with the coil 40. Combining a 
transformer with the coil in this manner, makes it possible to eliminate noise 
even more effectively. In this circuit, the capacitors 42 are provided at two 
locations, namely on one side of the first coil 40a and on the core conductor 
side of the secondary winding of the transformer 63. 

10 It should be noted that if two ferrite cores are used to make a 

two— stage coil, then the noise elimination characteristics can also be 
improved by using two closed magnetic ferrite cores, but as mentioned above, 
it is effective to use two different types of cores. Also, when making the coil 
of one closed magnetic ferrite core, it is possible to improve the 

15 characteristics by providing an auxUiary winding made by independently 
winding for example a polyurethane fine 48 around the closed magnetic 
ferrite core 38, in addition to the coaxial cable 39, as shown in Fig. 11 and 
connecting for example a resistive load 49 to the polyurethane hne 48. 
Moreover, in the above embodiments, one coaxial connector is a plug 

20 connector whereas the other one is a jack connector, but it is also possible to 
devise both as plug connectors or both as jack connectors. 

Fig. 13 shows a fifth embodiment of a noise elimination device in 
accordance with the present invention. Here, the housing is made of a 
metal tube 66, the coaxial connectors 32 and 33 are coupled with an insulator 

25 67 interposed between them. Thus, the tube can be made of metal, which 
makes it possible to increase the strength of the housing. Moreover, the 
noise elimination circmt is formed on a printed circuit board 61 and 
accommodated inside the housing. In Fig. 13, numeral 68 denotes a choke 
coil, numeral 69 denotes a ferrite core, numeral 70 denotes a ground fitting 

30 connecting a ground portion on one side of the printed circuit board 61 with 
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the plug connector 32, numeral 71 denotes a ground fitting connecting a 
ground portion the other side of the printed circuit board 61 with the jack 
connector 33. The two ground fittings are formed across the entire 
circumference of the printed circuit board, so that they shield the printed 
5 circuit board. 

As has been explained above, with a noise ehmination device in 
accordance with the first aspect of the present invention, the thickness of the 
ground conductors is at least twice the skin depth, and transmission signal 
frequency noise that is induced in the outer conductor flows only at the skin 

10 of the outer conductor, and does not occur on the inner side, so that the signal 
can flow on the inner side of the outer conductor, noise wiU not overlap with 
the transmission signal itself, new noise is not caused by the noise 
ehmination device, and noise can be effectively eHminated from both the 
center conductor and the outer conductor. 

15 With the second aspect of the present invention, in addition to the 

effects of the first aspect of the present invention, the noise induced in the 
outer conductor can be effectively prevented from entering the core conductor, 
and noise can be prevented from corrupting the signal. 

With the third aspect of the present invention, both the noise carried 

20 by the center conductor and the noise carried by the outer conductor of the 
coaxial cable can be eHminated, and the installation operation is easy. 

With the method for installing a noise elimination device according to 
the fourth aspect of the present invention, the coil ehminates noise reliably 
from the outer conductor, and noise is effectively eliminated. 

25 With the fifth aspect of the present invention, in addition to the 

effects of the first aspect of the present invention, even when the cable to be 
connected carries a current in superposition, the operating current is not 
interrupted, and since a smaU ferrite core can be used, the noise elimination 
device can be made compact. With the sixth aspect of the present invention, 

30 it can be instaUed at the connection portion connecting a coaxial cable and an 
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apparatus, so that it can be easily attached to existing equipment. 

With the seventh and eighth aspect of the present invention, both 
connectors are arranged on a straight line, so that a sturdy housing can be 
formed, and the device can be used without difficulty at places susceptible to 

5 tensile forces. With the ninth and tenth aspect of the present invention, by 
interposing a coaxial cable, especially when arranging the coaxial cable and 
the connector at right angles, the protrusion amount of the connector portion 
can be made small, and it is possible to connect a wall terminal with a 
stand-alone apparatus on little space. Moreover, it is possible to connect an 

10 apparatus and a series unit without interposing a separate coaxial cable. 

With the eleventh through sixteenth aspect of the present invention, 
noise is eliminated with coils in a two-stage arrangement, so that the noise 
can be eliminated even more effectively. With the seventeenth through 
twenty-eighth aspect of the present invention, noise induced in the outer 

15 conductor can be extinguished effectively and the attenuation of the 
transmission signal can be reduced. 

With the twenty-ninth through fortieth aspect of the present 
invention, the coil conductors are made by pattern formation on a substrate, 
so that the coHs can be manufactured easily With the forty-first through 

20 sixty-fourth aspect of the present invention, noise can be removed even more 
effectively With the sixty-fifth through eighty-eighth aspect of the present 
invention, the closed magnetic core can be made at low cost. 

The invention may be embodied in other specific forms without 
departing from the spirit or essential characteristics thereof. The 

25 embodiments disclosed in this appHcation are to be considered in aU respects 
as illustrative and not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing description. AU 
changes that come within the meaning and range of equivalency of the 
claims are intended to be embraced therein. 

30 
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